H. Niewodniczanski Institute of Nuclear Physics, Krakow
We present an improved measurement of the standard model CP violation parameter sin 2 1 ͑also known as sin 2␤) based on a sample of 85ϫ10 6 BB pairs collected at the ⌼(4S) resonance with the Belle detector at the KEKB asymmetric-energy e ϩ e Ϫ collider. One neutral B meson is reconstructed in a J/K S 0 , (2S) In the standard model ͑SM͒, CP violation arises from an irreducible complex phase in the weak interaction quarkmixing matrix ͓Cabibbo-Kobayashi-Maskawa ͑CKM͒ matrix͔ ͓1͔. In particular, the SM predicts a CP-violating asymmetry in the time-dependent rates for B 0 and B 0 decays to a common CP eigenstate f CP , where the transition is dominated by the b→cc s process, with negligible corrections from strong interactions ͓2͔: Belle's published measurement of sin 2 1 is based on a 29.1 fb Ϫ1 data sample containing 31.3ϫ10 6 BB pairs produced at the ⌼(4S) resonance. In this paper, we report an improved measurement that uses 85ϫ10 6 BB pairs ͑78 fb Ϫ1 ͒. Two important changes exist in the analysis with respect to the published result ͓3͔; we apply a new track reconstruction algorithm that provides better performance and a new proper-time interval resolution function ͓5͔ that reduces systematic uncertainties in sin 2 1 . The data were collected with the Belle detector ͓6͔ at the KEKB asymmetric collider ͓7͔, which collides 8.0 GeV e Ϫ on 3.5 GeV e ϩ at a small ͑Ϯ11 mrad͒ crossing angle. We use events where one of the B mesons decays to f CP at time t CP , and the other decays to a self-tagging state f tag , which distinguishes B 0 from B 0 , at time t tag . The CP violation manifests itself as an asymmetry A(⌬t), where ⌬t is the proper time interval between the two decays: ⌬tϵt CP Ϫt tag . At KEKB, the ⌼(4S) resonance is produced with a boost of ␤␥ϭ0.425 nearly along the z axis defined as antiparallel to the positron beam direction, and ⌬t can be determined as ⌬tӍ⌬z/(␤␥)c, where ⌬z is the z distance between the f CP and f tag decay RAPID COMMUNICATIONS vertices, ⌬zϵz CP Ϫz tag . The average value of ⌬z is approximately 200 m.
The Belle detector ͓6͔ is a large-solid-angle spectrometer that includes a silicon vertex detector ͑SVD͒, a central drift chamber ͑CDC͒, an array of aerogel threshold Č erenkov counters ͑ACC͒, time-of-flight ͑TOF͒ scintillation counters, and an electromagnetic calorimeter comprised of CsI͑Tl͒ crystals ͑ECL͒ located inside a superconducting solenoid coil that provides a 1.5 T magnetic field. An iron flux-return located outside of the coil is instrumented to detect K L 0 mesons and to identify muons ͑KLM͒.
We reconstruct B 0 decays to the following CP eigenstates
Here the final state is a mixture of even and odd CP, depending on the relative orbital angular momentum of the J/ and K* 0 . We find that the final state is primarily f ϭϩ1; the f ϭϪ1 fraction is 0.19Ϯ0.02(stat) Ϯ0.03(syst) ͓9͔. J/ and (2S) mesons are reconstructed via their decays to .45 GeV/c signal region; the fit indicates a signal purity of 63%. The reconstruction and selection criteria for all f CP channels used in the measurement are described in more detail elsewhere ͓3͔.
Charged leptons, pions, kaons, and ⌳ baryons that are not associated with a reconstructed CP eigenstate decay are used to identify the b-flavor of the accompanying B meson. Based on the measured properties of these tracks, two parameters, q and r, are assigned to an event. The first, q, has the discrete value ϩ1 ͑Ϫ1͒ when the tag-side B meson is likely to be a B 0 (B 0 ), and the parameter r is an event-by-event MonteCarlo-determined flavor-tagging dilution factor that ranges from rϭ0 for no flavor discrimination to rϭ1 for an unambiguous flavor assignment. It is used only to sort data into six intervals of r, according to estimated flavor purity. The wrong-tag probabilities, w l (lϭ1,6), that are used in the final fit are determined directly from data. Samples of B 0 decays to exclusively reconstructed self-tagging channels are utilized to obtain w l using time- decays, and that for f tag is obtained with well reconstructed tracks that are not assigned to f CP . Tracks that are consistent with coming from a K S 0 → ϩ Ϫ decay are not used. Each vertex position is required to be consistent with the interaction region profile, determined run-by-run, smeared in the r-plane to account for the B meson decay length. With these requirements, we are able to determine a vertex even with a single track; the fraction of single-track vertices is about 10% for z CP and 22% for z tag . The proper-time interval resolution function R sig (⌬t) is formed by convolving four components: the detector resolutions for z CP and z tag , the shift in the z tag vertex position due to secondary tracks originating from charmed particle decays, and the kinematic approximation that the B mesons are at rest in the cms ͓5͔. A small component of broad outliers in the ⌬z distribution, caused by mis-reconstruction, is represented by a Gaussian function. We determine twelve resolution parameters from fits of data to the neutral and charged B meson lifetimes ͓5͔ and obtain an average ⌬t resolution of ϳ1.43 ps ͑rms͒. The width of the outlier component is determined to be 42 Ϫ4 ϩ5 ps; the fractions of the outlier components are (2Ϯ1)ϫ10 Ϫ4 for events with both vertices reconstructed with more than one track, and (2.7Ϯ0.2)ϫ10 Ϫ2 for events with at least one single-track vertex.
After flavor tagging and vertexing, we find 1465 events with qϭϩ1 flavor tags and 1493 events with qϭϪ1. Table  I lists the numbers of candidates used for the sin 2 1 determination, N ev , and the estimated signal purity in the signal region for each f CP mode. Figure 2 shows the observed ⌬t distributions for the q f ϭϩ1 ͑solid points͒ and q f ϭϪ1 ͑open points͒ event samples. The asymmetry between the two distributions demonstrates the violation of CP symmetry. We determine sin 2 1 from an unbinned maximumlikelihood fit to the observed ⌬t distributions. The probabil-TABLE I. The numbers of reconstructed B→ f CP candidates before flavor tagging and vertex reconstruction, N rec , the numbers of events used for the sin 2 1 determination, N ev , and the estimated signal purity in the signal region for each f CP mode. ity density function ͑PDF͒ expected for the signal distribution is given by
where we fix the B 0 lifetime B 0 and mass difference at their world average values ͓11͔. Each PDF is convolved with the appropriate R sig (⌬t) to determine the likelihood value for each event as a function of sin 2 1 :
where f sig is the signal fraction calculated as a function of p B cms for J/K L 0 and of ⌬E and M bc for other modes. P bkg (⌬t) is the PDF for combinatorial background events, which is modeled as a sum of exponential and prompt components. It is convolved with a sum of two Gaussians, R bkg , which is regarded as a resolution function for the background. To account for a small number of events that give large ⌬t in both the signal and background, we introduce the PDF of the outlier component, P ol , and its fraction f ol . The only free parameter in the final fit is sin 2 1 , which is determined by maximizing the likelihood function Lϭ⌸ i P i , where the product is over all events. The result of the fit is sin 2 1 ϭ0.719Ϯ0.074͑stat͒Ϯ0.035͑syst͒.
The systematic error is dominated by uncertainties in the vertex reconstruction ͑0.022͒. Other significant contributions come from uncertainties in w l ͑0.015͒, the resolution function parameters ͑0.014͒, a possible bias in the sin 2 1 fit ͑0.011͒, and the J/K L 0 background fraction ͑0.010͒. The errors introduced by uncertainties in ⌬m d and B 0 are less than 0.010.
Several checks on the measurement are performed. 
, and D* Ϫ ᐉ ϩ , where no asymmetry is expected, yields 0.005 Ϯ0.015(stat). Figure 3͑d͒ shows the raw asymmetry for these non-CP control samples.
The signal PDF for a neutral B meson decaying into a CP eigenstate ͓Eq. ͑2͔͒ can be expressed in a more general form as
where is a complex parameter that depends on both eigenstate. The presence of the cosine term (͉͉ 1) would indicate direct CP violation; the value for sin 2 1 reported above is determined with the assumption ͉͉ϭ1, as ͉͉ is expected to be very close to 1 in the SM. In order to test this assumption, we also performed a fit using the above expression with a CP ϭϪ f Im /͉͉ and ͉͉ as free parameters, keeping everything else the same. We obtain ͉͉ϭ0.950Ϯ0.049͑stat͒Ϯ0.025͑syst͒
and a CP ϭ0.720Ϯ0.074(stat) for all CP modes combined, where the sources of the systematic error for ͉͉ are the same as those for sin 2 1 . This result is consistent with the assumption used in our analysis.
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